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Development of a New Inverter-Current Measurement System Integrated in a Power Module 
Shoji Tabata＊, Kazunori Hasegwa, Mao Ichiki, Ichiro Omura, (Kyushu Institute of Technology)  
Masanori Tsukuda, (Green Electronics Research Institute-Kitakyushu, Kyushu Institute of Technology) 
This paper proposes a new current measurement system for inverter control. The system consists of a 
Field-Program-Gate-Allay (FPGA), and tiny Rogowski-coils (PCB Rogowski-coil) made of a print-circuit-board. 
This paper presents a mitigating method of reverse recovery current and tail current that is not enough 
discussed in the previous study. This system is enough small to be integrated in a power module. This study will 
contribute to downsizing inverter. 
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図 1 パワーモジュール内蔵型出力電流測定システム 
Fig. 1 New inverter-current measurement system 















〈2･2〉 ロゴスキーコイル採用時の課題解決手法   






















































図 2 PCBロゴスキーコイル 
Fig. 2 PCB Rogowski-coil 
 
 
(a) The constitution of proposed system 
 
(b)The constitution of the IPM 
図 3 提案する電流測定システムの概要 






テール電流の除去手法   

























図 4 出力電流再現手法 




(a)Without reverse recovery current mitigation 
 
(b)With reverse recovery current mitigation 
図 5 先行研究において提案したリバースリカバリ電流
緩和手法の実験結果 
Fig. 5 The results with the mitigation method of 






Fig. 6 The problem of peak current obtainment when 









Fig. 7 The current measurement method avoiding 










換算すると 1 目盛あたり 415mA である。また，使用した

















(a)Experimental circuit diagram 
 
(b)Photogram of setup 
図 8 実験回路 





図 9 提案手法による出力電流の測定結果 








Fig. 10 The comparison of output current and the 
results of proposed system  
 
文   献 
 
(１)  旭化成エレクトロニクス株式会社，鈴木健治，電流センサ及び
製造方法， 特開 2017-134022，2017-08-03 
(２)  K. Hasegawa, S. Takahara, S. Tabata, M. Tsukuda and I. 
Omura, “A New Output Current Measurement Method with 
Tiny PCB Sensors Capable of Being Embedded in an IGBT 
Module,” IEEE Trans. Power Electron., vol. 32, no. 3, pp. 




























(３)  R. Herzer, “Integrated gate drive circuit solutions,” in Proc. 
Intl. Conf. on Integrated Power Electron. Sys. (CIPS), no. 1.2, 
Mar. 2010.  
(４)  B. Vogler, M. Rossberg, R. Herzer, and L. Reusser, 
“Integration of 1200V SOI gate driver ICs into a medium 
power IGBT module package.” in Proc. Intl. Sympo. on Power 
Semiconductor Devices and ICs (ISPSD), pp. 97-100, 2010. 
(５)  M. März, A. Schletz, B. Eckardt, S. Egelkraut, and H. Rauh, 
“Power Electronics System Integration for Electric and 
Hybrid Vehicles,” in Proc. Intl. Conf. on Integrated Power 
Electron. Sys. (CIPS), no. 6.1, Mar. 2010. 
(６)  G. Majumdar, T. Oi, T. Terashima, S. Idaka, D. Nakajima, 
and Y. Goto, “Review of Integration Trends in Power 
Electronics Systems and Devices,” in Proc. Intl. Conf. on 
Integrated Power Electron. Sys. (CIPS), Mar. 
(７)  D. Cooper, “Power Module Integration: A new approach,” 
IEEE Power Electron Mag., vol. 3, no. 3, pp. 31-36, Sep. 2016.  
(８)  S. Tabata, K. Hasegawa, M. Tsukuda, I. Omura, “New Power 
Module Integrating Output Current Measurement Function,” 
in Proc. Intl. Sympo. on Power Semiconductor Devices and 
IC's (ISPSD), pp. 267-270,2017 
(９)  M. Koga, M. Tsukuda, K. Nakashima, and I. Omura,”
Application-specific micro Rogowski coil for power modules─
Design tool.novel coil pattern and demonstration,” in Proc. 
Intl. Conf. on Integrated Power Electron. Sys. (CIPS), Mar. 
2016. 
(１０)  M. Tsukuda, M. Koga, K. Nakashima, I. Omura, “Clamp type 
built-in current sensor using PCB in high-voltage power 
modules,” Original research article  Microelectronics 
Reliability, Volumes 76–77, September 2017, Pages 517-521 
(１１)  M. Tsukuda, M. Koga, K. Nakashima, I. Omura, “Micro PCB 
Rogowski coil for current monitoring and protection of high 
voltage power modules,” Original research article 
Microelectronics Reliability, Volume 64, September 2016, 
Pages 479-483 
(１２)  D. Gerber, T. Guillod, and J. Biela, “IGBT gate-drive with 
PCB Rogowski coil for improved short circuit detection and 
current turn-off capability,” in Proc. IEEE Pulsed Power 
Conf., pp. 1359-1364, Jun. 2011. 
(１３) L. Dalesandro, N. Karrer, M. Ciappa, A. Castellazzi, W. 
Fichtner, “Online and Offline Isolated Current Monitoring of 
Parallel Switch High-Voltage Multi-Chip IGBT Modules”, 
IEEE Power Electronics Specialists Conference (PESC), pp.  
2600-2606, 2008. 
